The factors controlling hepatic regeneration after partial hepatectomy are complex.' Recent years have seen the description of a number of growth factors, generated in the liver or present in the circulation after partial hepatectomy, which in in vitro studies have the ability to enhance DNA synthesis in hepatocytes.2 These include hepatotropin (also known as hepatocyte growth factor (HGF) or hepatopoietin A, reported in both man and rat),3-' heparin binding growth factor-1,6 transforming growth factor a (TGF-a),7 hepatic stimulator substance (HSS),8 and hepatopoietin B.9
The factors controlling hepatic regeneration after partial hepatectomy are complex.' Recent years have seen the description of a number of growth factors, generated in the liver or present in the circulation after partial hepatectomy, which in in vitro studies have the ability to enhance DNA synthesis in hepatocytes.2 These include hepatotropin (also known as hepatocyte growth factor (HGF) or hepatopoietin A, reported in both man and rat),3-' heparin binding growth factor-1,6 transforming growth factor a (TGF-a),7 hepatic stimulator substance (HSS), 8 and hepatopoietin B. 9 Description ofthese growth factors has led to a re-evaluation of the in vivo role of epidermal growth factor (EGF), a powerful in vitro mitogen for hepatocytes. '°Studies over a number of years promoted the concept that EGF acts as an initiator of hepatocyte DNA synthesis after partial hepatectomy. Evidence was based on the striking demonstration of rapid down regulation of the EGF receptor during the proliferative process in vivo," and the fact that in in vitro studies, down regulation of the receptor after exposure of hepatocytes to EGF leads to a series of intracellular events culminating in DNA.`2 1 Furthermore, infusion of labelled EGF at the time of partial hepatectomy is followed by EGF uptake into liver cells via this receptor, in predominantly perilobular areas of the liver where proliferation is most evident,' -6 and within six hours enhanced amounts of EGF are found in the nucleus of hepatocytes. 17 However, evidence for a significant enhancement of circulating EGF levels after partial hepatectomy is lacking, and EGF is not generated within the liver itself. "20 These paradoxes were apparently resolved by the finding that TGF-ct, which has extensive structural homology with EGF, is expressed within the liver in enhanced amounts a few hours after partial hepatectomy, binds to the EGF receptor, and can initiate EGF receptor down regulation and DNA synthesis.72' TGF-a may therefore be the natural ligand for the EGF receptor at this time. If this is so, the observation that an antibody to EGF, administered at the time of partial hepatectomy in rats, was reported to be associated with a reduced regenerative response,'9 requires examination. We therefore investigated the effect of administering an antibody to EGF at the time of partial hepatectomy in rats.
As administration of exogenous protein at the time of partial hepatectomy has been noted to reduce the proliferative response of the liver to partial hepatectomy,22 we tested the hypothesis that there would be no difference between the effect of a preparation of IgG containing anti-EGF antibody and a preparation of non-specific IgG. We measured the effect of these preparations on DNA synthesis at the time of peak replicative activity 24 EGF was purified from rat submandibular glands as described by Moore24 and iodinated using Chloramine-T. EGF (10 rig) in 50 [il of 0 4 mol/l sodium phosphate buffer, pH 7.6, was combined with 0.5 mCi (in 5 tl) of carrier-free Na'25I. Chloramine-T (5 ,ug in 10 il of 0.04 mol/l sodium phosphate buffer) was added and mixed for 14 seconds at room temperature.
The reaction was terminated by the addition of sodium metabisulphite (25 [ (Table I) . Rats receiving 1 ml of purified anti-EGF IgG by intravenous injection at the time of partial hepatectomy had a smaller increase in specific tritiated thymidine incorporation, as did rats receiving non-specific IgG (Fig 1) . In both groups of animals receiving IgG, there was a substantial reduction in thymidine incorporation compared with control animals (p<0 001 in each case). The difference between the two groups of animals receiving either specific or non-specific IgG was small and not statistically significant (difference between means=-25 000 dpm/g; 95% CI -140 000 to +9000 dpm/g).
To confirm the similarity of the magnitude of the regenerative process occuring in the two groups of animals that received IgG, autoradiographs were performed and the proportion of hepatocyte nuclei showing accumulation of radioactive thymidine counted. Again there was no statistically significant difference between the percentage of labelled cells in the two groups (Anti-EGF group, mean (SEM) 22 To confirm the inhibitory effect of the anti-EGF antibody on EGF mediated hepatocyte replication, primary cultures of rat hepatocytes were stimulated with optimal concentrations of EGF (10 ng/ml) in the presence of dexamethasone, the cofactor insulin, and dilutions of anti-EGF IgG or non-immune IgG. Dilutions of 1:50 of anti-EGF IgG completely blocked the proliferative response to EGF (Fig 2) but had no effect on the proliferative response to TGF-a (data not shown). Non-immune IgG was also without effect on the response to either EGF or TGF-ct.
PRESENCE OF ANTI-EGF IGG IN RAT SERUM
The EGF binding capacity of the serum from rats who had received anti-EGF antibody was assessed at the time ofdeath 24 hours after partial hepatectomy. Figure 3 shows Our results indicate, however, that the DNA synthetic response within the first 24 hours is not mediated by EGF, as an anti-EGF antibody had effects similar to non-specific IgG, and did not prevent proliferation. The difference between the effect of anti-EGF antibody and non-specific IgG was small, and did not reach statistical significance. Our data may indicate that the predominant stimulus to hepatic regeneration at this time is some other growth factor interaction receptor, and indeed we and others have produced evidence for the early involvement of HGF in liver regeneration within a few hours of partial hepatectomy.3' HGF, however, does not interact with the EGF receptor, and explanations are required for the rapid down regulation that leads to a 50% reduction in the numbers of the EGF receptor at this time. The data reported here are compatible with the suggestion that locally generated TGF-ca is the natural mediator of this process.72' There may, in addition, be some effect of EGF, as small amounts are present in the circulation or may be released from platelets at this time. 2 The data presented here cannot exclude this possibility, as in a study with larger numbers of animals a statistically significant difference between the effects of anti-EGF and normal IgG might have emerged. The data do, however, indicate that EGF is not the predominant growth factor relevant at this time. The data also highlight that at the time of initiation of DNA synthesis after partial hepatectomy the process can be partially reduced by the administration of rabbit IgG and emphasise the importance of using appropriate controls in experiments of this type.
